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Description 

The invention relates to hydroaerodynamics and to thermal physics and concerns devices to control the boundary 
and near wall layers in the flows of continuous media such as gases, liquids, their two-phase or multicomponent mix- 
5 tures and the like, moving along ducts under no pressure or under pressure. 

Prior State of Art 

The majority of widely used devices intended for heat-end-mass transfer intensification require considerable power 
10 consumption for pumping the heat carrier. 

In the last ten years approaches to the problems under discussion have been developed, which are based on the 
utilization of the peculiarities of vortex dynamics of a continuous medium flowing past three-dimensional reliefs. Thus, 
according to USA Patent 3741285, devices are proposed, which are provided with wavy surfaces or with surface 
elements of such an amplitude such a deflection in the direction of the flow, bypassing these devices, and such a 
15 longitudinal and lateral distribution of these properties, which result in the creation and intensification of the vortices 
in the boundary layer. 

In this case, in particular for elements having the shape of concavities, the recommended depth is 0.5 to 1.0 5, 
where 6 is the depth of the boundary layer, whereas the period of location of such elements is 3 to 20 5. This limits the 
quantitative measures of the elements of the devices discussed by the author. In this connection it should be noted 

20 that the author of this Patent failed to make any advance towards the solution of the stated problem or to propose any 
concrete shapes of three-dimensional elements of the relief, with the exception of the geometrical constructions, which 
are directly not connected with the vortex dynamics mechanism. 

Let us examine the inventions, in which claimed are these or other kinds of reliefs in the shape of convexities or 
concavities and which are mostly close to those proposed in the present Application. 

25 In the known USA Patent No. 4690211 the heat exchange tube is provided with at least one row of projections 

(convexities) or its internal surface along the spiral curve, and the outline of the cross section of these convexities 
consists of smooth curves in any part along the height of the projections, including the base. In this case the section 
area monotonically decreases towards the projection top, whereas the projection height is from 0.45 to 0.6 mm. The 
spiral curve is selected so that a "circumferential" pitch of 3.5 to 5 mm is obtained, whereas the pitch along the axis is 

30 5 to 15 mm. In particular, the sections of the projections may have a circular, elliptical or extended shape. 

However, the authors of the Patent failed to point out the relations between the dimensions of the projections and 
pitches characterizing the layout of the projection, and the diameter of the tube and the conditions of flow of the heat 
carrier. The data presented by the authors are naturally applicable to tubes, the diameter of which is about 15 mm - 
the authors indicate the results of the thermophysical experiments only for tubes of the given diameter. Besides, the 

35 authors do not indicate the radii of the curvatures of the sections, on which the smooth portion of the tube changes 
over to form the projection surface. If one judges by the drawings of the given Patent, such a transition is supposed to 
have a zero curvature radius. At the same time it is known that these curvature radii determine the value of the hydraulic 
resistance and hence the thermophysical efficiency. In addition, the Patent contains no indications concerning the 
optimum, from the thermophysical point of view, relation of the projection height to its diameter though this relation 

40 strongly influences the heat transfer and hydraulic resistance measures. 

It is obvious that since the turbulent flows of the heat carriers are three-dimensional even in case of establishing 
two-dimensional boundary conditions and since a three-dimensional relief is distinguished for its greater variety, thus 
ensuring the realizability of a larger number of degrees of freedoms in the velocity field in the near wall area of the 
flow, one should expect a high degree of thermophysical efficiency in case the appropriate three-dimensional relief is 

45 selected. However, even the simplest streamlining laws for three-dimensional reliefs have been investigated less than 
those of two-dimensional reliefs. This is connected both with the relative "young age" of the heat-and-mass transfer 
intensification methods by means of three-dimensional reliefs and with a larger variety of possibilities and parameters, 
which are characteristic of three-dimensional reliefs. This also explains the schematism and absence of important 
geometrical parameters of three-dimensional reliefs in the above Application, as well as the absence of the relation 

50 between these parameters and the conditions of flow and other flow characteristics of the heat carriers. 

Disclosure of the Invention 

The main aim of this invention is to develop a device for controlling the heat-and-mass transfer processes, hydraulic 
55 resistance, boiling, deposition of admixtures from the flows in the boundary or near wall layers of gas, liquid, their two- 
phase or multicomponent mixtures moving in ducts under no pressure or under pressure; control shall be achieved by 
initiating the generation of large-scale vortex structures and by controlling their development. 

The forwarded problem is solved by means of a device - a streamlined surface or a heat-and-mass transfer surface. 
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which is the separation boundary between the flowing continuous medium gas, liquid, their two-phase or multicompo- 
nent mixtures and a solid wall (initially smooth, cylindrical, conical, or of any other profile), which permits controlling 
the process the boundary layer or in the near wall layers of the flow due to the creation on its surface of a three- 
dimensional concave or convex relief with smooth outlines and ranges of dimensions characterizing this relief and 
being associated with the hydrodynamical lengths describing the processes in the boundary and near wall layers of 
the flow. The three-dimensional relief is made in the form of concavities or convexities with rounded sections and a 
transition located in a checkered or unstaggered order, and any section of the concavities or convexities along the 
streamlined surface will have the shape of a smooth closed line described by the relation 



r (cp,Z) - is the section radius in the direction of angle (p, counted from the line interconnecting the centers of the 
adjacent concavities or convexities, or from any other line, which lies in the indicated section; 
Z - is the section height over the lowermost point of the concavity or the section distance from the uppermost point 
of the convexity; 

r (h,0) - is the radius of the concavity or convexity section in the direction of angle cp = 0°; 

Ar = r (h, 1 80)-r (h,0) - is the difference between the radii of the concavities or convexities in the direction of angles 
(p = 180° and (p = 0°; 

Iq - is the dimension of the curvature area projected onto a plane extending parallel to the streamlined surface; k 
= 0.3 to 0.7 is a coefficient; 



coefficients of the shape of the section the depth of the cavities or convexities h is 0.005 to 0.3 of the thickness of 
the boundary layer or of the equivalent hydraulic diameter of the duct, the curvature area of the concavities or 
convexities has, in a plane perpendicular to the streamlined surface, a common tangent with the transition area, 
which is located between the adjacent concavities or convexities and which is made in the shape of a bicurvature 
surface with radii R^-i, Rc2 meeting the following relations: 




where: 



-1<A^< 1, 




and |R^2| ~ 



and whereby the dimension D of the concavities or convexities along the streamlined surface is: 



D = (2to 40) A7, 



the dimension Ic of the cun/ature area along the streamlined surface is: 



l^ = (0.05 to 0.3) D, 



whereas the dimension I ^ of the transition area along the line interconnecting the centers of the adjacent concav- 
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ities or convexities is: 

1,^ = (0.05 to 3) D. 

5 

The concavities or convexities may be located in the vertices of the parallegranns, the lengths of the sides of which 
are within the range of 1 .05 to 4 dimensions of the concavities or convexities and the vertex angle ap is 20 to 90°. 

The relations, which characterize the indicated relief of the concavities and convexities, have been obtained as a 
result of processing the thermophysical measurements. 

10 

Brief Description of Drawings 

Illustrated in Fig. 1 is the concavity relief section across the streamlined surface. 
Fig. 2 presents the top view on the streamlined surface. 

16 

Best Embodiment 

The convexities relief section across the streamlined surface is similar to the relief section of the concavities shown 
in Fig. 1 . 

20 The streamlined surface consists of concavities (1 ) (convexities), which include curvature areas (2) and transition 

areas (3). 

When a continuous medium flow runs past a surface provided with concavities (convexities) containing elements 
of the indicated dimensions in the near wall area at a distance of 0.005 to 0.3 thickness of the boundary layer or an 
equivalent hydraulic diameter of the duct, three-dimensional velocity and pressure fields of the continuous medium are 

25 formed. The three-dimensional features of the velocity and pressure fields alongside with the inertia forces, which 
originate in the near wall layers of the flow due to running of the flow past the convexities or concavities, result in the 
generation of Goertler vortices and other large-scale vortex structures, including tornado-like ones. The indicated rang- 
es of the dimensions of the concavity or convexity elements ensure generation of vortex structures resulting in their 
self-organization, which is favourable from the point of view of the intensification of the heat-and-mass transfer and of 

30 the other processes, which take place in the boundary or near well layers of the continuous medium flow. 

The smooth shapes of the three-dimensional relief of concavities or convexities, the presence of a transition area 
in the shape of a bicurvature surface between the concavities or convexities ensure, according to proposed invention, 
the dynamical properties of the large-scale vortex structures and the possibility of their alignment with the main flow; 
this has found its expression in the lagging increase of the hydraulic resistance as compared with the increase of the 

35 heat or mass transfer intensity, and in some cases there is even a decrease of the hydraulic resistance as compared 
with the hydraulic resistance of smooth surfaces. 

In addition, the realization of the proposed device results in a visible decrease of deposition of foreign impurities 
from the heat carrier onto the streamlined surface. This fact is connected with the directness of the generation of 
Goertler and tornado-like vortex structures, which increase the transfer of the mass, the admixtures included, from the 

40 wall away into the flow core. 

According to the invention, the smoothness of the streamlined relief ensures also an increased corrosion resistance 
of the streamlined surface when continuous media are used, which usually involve corrosion processes. According to 
the data of the experiments, the peculiarities of the mass transfer, originating due to the generation of large-scale vortex 
structures, decrease the probability of the origination of electrochemical processes on the surface of the claimed device 

45 provided with a relief. 

The use of a three-dimensional concavity or convexity relief of the indicated parameters results in a noticeable 
increase of the critical heat flows within a wide range of liquid pressure, mass velocity of the heat carrier and a relative 
vapour content. The shift of the critical heat transfer towards high thermal loads as the flow runs past the surface, 
provided with the indicated relief, is caused by the formation of a heated surface of large-scale self -organizing struc- 
50 tures, tornado-like structures included, by means of which the vapour bubbles are evacuated from the area surrounding 
the concavity or convexity and taken away from the user wall layer into the flow core. Favourable to this is also the 
smoothness and the three-dimensional features of the relief, since they contribute to the change of the directions of 
the orientation and twisting of the vortex structures. 

56 Industrial Use 

The invention may be used in various power engineering and heat-end-mass transfer systems, as well as in any 
other branches, where there is a demand in intensification of the heat-end-mass transfer at a limited increase of the 
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hydraulic resistance. In particular, the invention is used with various kinds of transportation facilities, in gas turbine 
units with cooled blades, in nuclear power assemblies with high-flow neutron sources, in steam generators, heat ex- 
changers, as well as in other energy transfer apparatuses and devices. 

5 

Claims 

1. A streamlined surface, which ensures control of the process in the boundary and near wall layers of continuous 
medium flows and which is provided with a three-dimensional relief characterized by 

10 

said three-dimensional relief being made in the shape of 

concavities or convexities (1 ), 
curvature areas (2) and 
is - transition areas (3), and 

whereby any section of said concavities (1 ) or convexities along the streamlined surface has the shape of a 
smooth closed line, described by the relation: 

k 

r((p,z) = (Z/h) [ r(h,0) - lc/2 + 
Ar((p/180 - (1/47c)sin(47i:(p/180)) + 
A^Ar(sin(7icp/180) - (1/3)sin(37C9/180)) + 
A2Ar(sin(27C(p/180) - (1/2)sin(47ccp/180)) ], 

where: 

30 

r((p,z) is the section radius in the direction of angle cp counted from the line interconnecting the centers of the 
adjacent convacities or convexities, or from any line, which lies in the indicated section; 

Z is the section height over the lowermost point of the concavity or section distance from the uppermost point 

35 of the convexity; 

r(h,0) is the radius of the concavity or convexity section in the direction of angle cp = 0°; 

Ar = r(h,180) - r(h,0) is the difference between the radii of the concavity or convexity section in the direction 

40 of angles cp = 1 80° and cp = 0°; 

\q is the dimension of the curvature area projected onto a plane extending parallel to the streamlined surface; 
k = 0,3 to 0,7 is a coefficient; 

45 

-1 < A^ < 1 , - is a coefficient of the shape of the section, 

-1 < A2 < 1 , - is a coefficient of the shape of the section, 

50 - the depth of the concavities (1 ) or convexities h is 0,005 to 0,3 of the thickness of the boundary layer or of the 

equivalent hydraulic diameter of the duct, 

the curvature area (2) of the concavities or convexities has, in a plane perpendicular to the streamlined 
surface, a common tangent with the transition area (3), which is located between the adjacent concavities (1 ) 
55 or convexities and which is made in the shape of a bicurvature surface with radii R^i , meeting the following 

relations: 
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|R,,|^3h and jRcd ^ 3h , 
whereby the dimension D of the concavities (1) or convexities along the streamlined surface is 

5 

D = (2 to 40) h, 

the dimension Ic of the curvature area (2) along the streamlined surface is 

10 

1^^(0,05 to 0.3) D, 

whereas the dimension 1^^ of the transition area (3) along the line interconnecting the centers of the adjacent 
is concavities (1 ) or convexities is 

1,^ = (0,05 to 3) D. 

20 2. A surface as claimed in claim 1 

characterized in that the centers of the concavities (1 ) or convexities are located in the vortices of a parallelogram, 
the lengths of the sides of which are within the range of 1 ,05 to 4 dimensions of the concavities (1 ) or convexities 
and the vertex angle is ap = 20 to 90°. 

25 

Patentanspruche 

1. Eine stromlinienformige Oberflache, welche die Steuerung der Prozesse eines kontinuierlichen Medienflusses in 
den Grenzschichten und in den Schichten nahe einer Wand sicherstellt und welche eine dreidimensionale Struktur 
30 umfaBt, 

gekennzeichnet durch, 

die dreidimensionale Struktur, welche eine Gestalt mit 

35 - Aushohlungen Oder Ausbauchungen (1), 

gekrummten Gebieten (2) und 
Ubergangsgebieten (3) 

aufweist und 

40 

wobei ein beliebiger Abschnitt der Aushohlungen (1) oder Ausbauchungen entlang der stromlinienformigen 
Oberflache die Gestalt einer glatten und durchgehenden Linie hat, die durch die Beziehung beschreibbar ist: 

45 r(cp,z) = (Z/h)^ [ r(h,0) - lc/2 + 

Ar(cp/180 - (1/47i)sin(47icp/180)) + 
A.,Ar(sin(7icp/180) - (1/3)sin(3x(p/180)) + 
A2Ar(sin(27C(p/180) - (1/2)sin(47C(p/180)) ], 

Worin: 

55 - r((p, z) der Abschnittsradius in Richtung des Winkels cp ist, der von der Strecke aus, die die Zentren von 

benachbarten Aushohlungen oder Ausbauchungen verbindet oder von einer beliebigen Strecke aus, die 
in dem gekennzeichneten Abschnitt liegt zu zahlen ist; 
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Z die Abschnittshohe uber dem niedrigsten Punkt der Aushohlungen ist oder der Abschnittsabstand vom 
hochsten Punkt der Ausbauchung ist; 

r(h, 0) der Radius des Aushohlungs- oder Ausbauchungsabschnitts in Richtung des Winkels cp = 0° ist; 

5 

Ar=r(h, 180) - r(h, 0) die Differenz zwisclnen den Radien des Ausholnlungs- oder des Ausbauchungsab- 
schnitts in Richtung der Winkel <p = 180° und (p = 0° ist; 

die Abmessung des gekrummten Bereichs projizierl auf eine Ebene, die parallel zur stromlinienformigen 
10 Ebene verlauft, ist; 

k=0,3 bis 0,7 ein Koeffizient ist; 

-1 < A-| < 1 ein Koeffizient fur die Abschnittsgestalt ist, 

15 

-1 < A2 < 1 ein Koeffizient fur die Abschnittsgestalt ist, 

die Tiefe der Aushohlungen (1 ) oder der Ausbauchungen h entspricht 0,005 bis 0,3 der Dicke der Grenz- 
schicht, Oder des aquivalenten hydraulischen Durchmessers des Kanals, 

20 

die Krummungsgebiete (2) der Aushohlungen oder der Ausbauchungen haben in einer Ebene senkrecht 
zur stromlinienformigen Oberflache eine gemeinsame Tangente mit dem Ubergangsgebiet (3), das zwi- 
schen den benachbarten Aushohlungen (1) oder Ausbauchungen gelegen ist, und das mit den Radien 
Rjj-,, Rq2 die Gestalt einer zweiffach gekrummten Oberflache ausbildet, wobei die Radien die nachfolgen- 
25 den Beziehungen erfullen: 

|R^,|>3h and jRed^ 3h, 

30 wobei die Abmessung D der Aushohlungen (1 ) oder der Ausbauchungen entlang der stromlinienformigen 

Oberflache gegeben ist durch: 



35 



D=(2 bis 40) h, 

die Abmessung 1^ des Krummungsbereichs (2) entlang der stromlinienformigen Oberflache gegeben ist 
durch 



Ic = (0,5 bis 0,3) D. 

wohingegen die Ausdehnung l^^des Ubergangsgebietes (3) entlang der Strecke, die die Zentren von be- 
nachbarten Aushohlungen (1 ) oder Ausbauchungen verbindet gegeben ist durch 

1,^ = (0,05 bis 3) D. 

2. Eine Oberflache nach Anspruch 1 , dadurch gekennzeichnet, da3 die Zentren der Aushohlungen (1 ) oder der Aus- 
bauchungen bei den Eckpunkten eines Parallelogrammes angeordnet sind, dessen Seitenlangen sich innerhalb 
50 des Bereichs vom 1,05 bis 4-fachen der Ausdehnung der Aushohlungen (1) oder der Ausbauchungen befindet 

und wobei der Eckwinkel ap = 20 bis 90° ist. 



Revendications 

55 

1. Surface profilee qui assure, dans les couches limite et dans les couches proches des parois, la commande de 
processus d'ecoulements de milieux continus, et qui est dotee d'un relief tridimensionnel, caracterisee en ce que : 
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ledit relief tridimensionnel est realise sous la forme: 

de concavites ou convexites (1), 
de zones de courbure (2), et 
de zones de transition (3), et 

n'importe quelle section desdites concavites (1 ) ou convexites situees le long de la surface profilee a la forme 
d'une ligne fermee lisse, decrite par la relation : 

r(cp,z) = (7Jh)^ [ r(h,0) - 1c/2 + 
Ar(cp/180 - (1/47i)sin(47i(p/180)) + 
A^Ar(sin(7icp/180) - (1/3)sin(37C9/180)) + 
A2Ar(sin(27i;(p/180) - (1/2)sin(47C(p/180)) + ], 

ou : 

r((p, z) est le rayon de la section dans la direction de Tangle cp en comptant de la ligne reliant les centres des 

concavites ou convexites adjacentes ou de toute ligne qui se situe dans la section indiquee ; 

Z est la hauteur de la section au-dessus du point le plus bas de la concavite ou la distance de la section du 

point le plus haut de la convexite ; 

r(h,0) est le rayon de la section de la concavite ou convexite dans la direction de Tangle cp = 0° ; 

Ar = r(h,180) - r(h,0) est la difference entre les rayons de la section de la concavite ou convexite dans la 

direction des angles cp = 1 80° et cp = 0° ; 

1^, est la dimension de la zone de courbure projetee sur un plan s'etendant parallelement a la surface profilee ; 
k = 0,3 a 0,7 est un coefficient ; 

-1 < A-, < 1 , - est un coefficient de la forme de la section ; 
-1 < A2 < 1 , - est un coefficient de la forme de la section ; 

la profondeur des concavites (1 ) ou des convexites h est de 0,005 a 0,3 de Tepaisseur de la couche limite ou 
du diametre hydraulique equivalent du conduit ; 

la zone de courbure (2) des concavites ou convexites a, dans un plan perpendiculaire a la surface profilee, 
une tangente commune avec la zone de transition (3), qui est situee entre les concavites adjacentes (1) ou 
convexites et qui est realisee sous la forme d'une surface a double courbure avec des rayons R^-,, con- 
formes aux relations suivantes : 

|R,,|>3h et |R,2|^3h 
la dimension D des concavites (1 ) ou convexites le long de la surface profilee etant 

D = (2 a 40) h, 

la dimension 1^ de la zone de courbure (2) le long de la surface profilee etant 

1^ = (0,05 a 0,3) D, 

tandis que la dimension Itr de la zone de transition (3) le long de la ligne reliant les centres des concavites (1 ) 
ou convexites adjacentes est 

1^^ = (0,05 a 3) D. 

Surface selon la revendication 1, 

caracterisee en ce que les centres des concavites (1) ou convexites sont situees aux sommets d'un paral- 
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lelogramme dont les longueurs des cotes se situent dans une gamnne allant de 1 ,05 a 4 dinnensions des concavites 
(1) ou convexites et Tangle de somnnet est ap = 20 a 90°. 

5 
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